INTRODUCTION
============

Volleyball is a complex sport that requires athletes to have high technical and tactical skills and athletic performance ([@b2-jer-16-3-272]). Muscle strength and endurance are extremely important in many sport-specific activities such as jumping, changing direction, and improving athletic performance ([@b2-jer-16-3-272]; [@b26-jer-16-3-272]). The strength of knee muscles is particularly important in volleyball as it is directly related to the jumping ability and athletic performance ([@b13-jer-16-3-272]; [@b24-jer-16-3-272]; [@b25-jer-16-3-272]). Strengthening and endurance trainings are routinely used to improve musculoskeletal performance both in rehabilitation and strengthening programs ([@b7-jer-16-3-272]; [@b14-jer-16-3-272]; [@b15-jer-16-3-272]). Isokinetic trainings and neuromuscular elektrical stimulation (NMES) are also frequently used in these as well as for rehabilitation programs ([@b3-jer-16-3-272]; [@b8-jer-16-3-272]; [@b10-jer-16-3-272]; [@b28-jer-16-3-272]). Russian current (RC) and high voltage pulsed current (HVPC) are the preferred popular NMES methods for strengthening. These modalities are preferred because of their highest tolerance and minimum pain level ([@b10-jer-16-3-272]; [@b28-jer-16-3-272]).

It is not clear which electrotherapy modalities are more effective in increasing muscle strength and endurance in athletes. The purpose of this study was to compare the effects of muscular strength and muscular endurance in RC and HVPC, which will also be useful in isokinetic strengthening training in volleyball athletes. It is hypothesized that these two currents can be used to increase strength and muscular endurance, and that there will be no difference between these currents on muscle strength and muscular endurance. This study will help us to determine which current with isokinetic training increases muscle strength and endurance more and a suggestion will be included as to which electrotherapy modality should be included in strengthening and endurance programs. Moreover, we will shed light on how muscle strength and muscular endurance, which affects sport performance, can be increased most effectively.

MATERIALS AND METHODS
=====================

Ethical statement
-----------------

The study was approved by the local ethical committee (approve date 13.09.2017 and number: E-17-1353) and performed according to Helsinki declaration criteria; signed informed consent forms were collected from all subjects.

Participants
------------

Our study was conducted in a Sports Health Education Research Center, where the study has started with the evaluation of 16 male volleyball athletes. Six of these athletes were later excluded from the study as two of of them did not meet the study criteria, two of them not attendance the regular training programme, one of them having tibial fracture and one of them not attendance to the study regularly. Thus, the study was completed with a total of 20 lower extremities on 10 male volleyball athletes. The lower extremities of the athletes were divided into two groups as RC and HVPC. While RC was applied to one of the lower extremities, the other extremity of the same athlete was applied HVPC. In order to eliminate the dominant effect, RC was randomly applied to the dominant limbs of half the athletes, while it was applied to the nondominant extremities of the other half. So totally 10 extremities which were applied to RC created the RC group and also 10 extremities which was applied to HVPC created the HVPC group.

Inclusion and exclusion criteria
--------------------------------

The inclusion criteria were based on having the necessary physical fitness to perform the isokinetic evaluation and training processes, training 2--4 times a week, being a professional volleyball athlete for at least 3 years, playing in the second league and volunteering to participate in this study. The exclusion criteria included having any contraindication to the application of electrotherapy modalities, and having undergone hip, knee, ankle or lower back injuries and/or lower limb surgery within the past year. This study was designed according to the Declaration of Helsinki and approved by the Ethics Committee of Education and Research Hospital Ethical Committee on Clinical Investigations on 13.09. 2017 with the decision no. E-17-1353. All the participants who agreed to participate in the study were informed about the purpose and the benefits of the study, and they were requested to sign a consent form prior to the study. Also, parental signed consent was also obtained from any participants under the age of 18 years (15.50±1.08 years). The descriptive characteristics of the participants including age, height, body mass, and dominant side (verbal confirmation of the dominant leg hitting the ball) were recorded. The demographic information of the participants included in the study is given in [Table 1](#t1-jer-16-3-272){ref-type="table"}.

Evaluation of isokinetic muscle strength
----------------------------------------

The isokinetic testing was performed on an IsoMed 2000 machine (D.& R. Ferstl GmbH, Hemau, Germany) and included measurements of knee extension peak torque. The test was performed by a physiotherapist following an electrotherapy procedure, and was performed in the same sequence on each participant before and after the training. The participants were asked to jog for 10 minutes at the 60% of the maximal heart rate to warm-up before starting the test. After warm-up, the participants were taken individually into the isokinetic device to be measured. The adjustment of the device was made according to the individual anthropometric structures of the participants. The angle of the joints was adjusted considering the joint's range of motion and the device's user's manual, and any movements other than the range of motion determined by the mechanical limits were prevented. Before each new angular velocity, three repetitive knee flexion and extension movements were performed at the same angular velocity so that the athlete could get familiarized with the motion at this angular velocity (familiarization). The isokinetic muscle strength was evaluated with 5 repetitions at 60°/sec and 30 repetitions at 180°/sec ([@b18-jer-16-3-272]) The evaluations were performed bilaterally with the dominant side evaluated first, and the nondominant side 3 min later for half the athletes and vice versa for the other half. The peak torque was the peak value across the 5 collected trials then the 30 collected trials, measured in Newton meters (Nm). In our study, only knee extensor muscles were considered in the evaluation of muscle strength and muscular endurance since the application of electrical stimulation was applied only to the knee extensor muscles, and the muscle fiber distribution of the knee extensor and flexor muscles was not similar.

The endurance of the quadriceps muscle was determined by the fatigue index (FI) and the total amount of work done for both legs before and after the training ([@b16-jer-16-3-272]; [@b30-jer-16-3-272]). Fatigability was calculated as the percentage decline from the peak tork. The participants performed 30 maximal extensions at an isokinetic velocity of 180°/sec. The FI was calculated as the percentage of force drop over the 30-repetition using the following formula: FI (%)=1--{\[(initial 5--last 5)/initial 5\]×100}. Higher values indicated lower values of fatigue resistance of associated muscle ([@b20-jer-16-3-272]). Since the FI is also a percentage and related to the starting and ending values of the participant, the total work done (joule) at 180°/sec angular velocity was also recorded in order to measure the muscular endurance ([@b1-jer-16-3-272]; [@b30-jer-16-3-272]).

Isokinetic strengthening training
---------------------------------

The preliminary preparation mentioned in the protocol for the evaluation of isokinetic muscle strength was also applied for isokinetic strengthening training. The participants were first asked to jog for 10 min and then to perform 1 set of 10 repetitive submaximal concentric knee flexion and extension movements at 60°/sec for warming before the strengthening training started. Strengthening training was performed with 3 sets of 10 repetitions at 60°/sec and 3 repetitions of 15 repetitions at 180°/sec angular velocity. The isokinetic training was performed bilaterally. After isokinetic strengthening training, electrical stimulation was applied.

Electrotherapy application
--------------------------

The participants were subjected to NMES application after 20 min of isokinetic strength training in order to do some stretching and cool down. For both groups, the NMES surface carbon electrodes (Chattanooga, Mouguerre, France) were placed with a focus on the Quadriceps muscles; four electrodes (6 cm×8 cm) around the center of the quadriceps muscles on the motor points of the head of vastus medialis and rectus femoris. The intensity of NMES during the training was adjusted to 70% of the maximal individual pain threshold (maximum tolerated intensity). The maximally tolerated intensity was verified separately for each pair of electrodes before each training session. The participants were sat in the starting position with a support under their 45° flexed knee, before NMES application started and the voluntary quadriceps/hamstring muscle contraction takes place. Maximum intensity was adjusted to an intensity of 70% to enable dynamic movements ([@b29-jer-16-3-272]). The lower extremities of the participants were divided into two groups as RC and HVPC. RC was applied to one of the lower extremities and to HVPC to the other. In order to eliminate the dominant effect, RC was randomly applied to the dominant limbs of half the participants, while it was applied to the nondominant extremities of the other half. The person who performed the data analysis was unaware to this randomization. A combined electrotherapy device (Intelect Neo, Chattanooga, Mouguerre, France) was used for the electrotherapy application. Impulse frequency of RC was set at 2,500 Hz, 50 pulse/sec, pulse duration of 200 μsec and with an on/off-ratio of 10/10 sec ([@b28-jer-16-3-272]). Impulse frequency of HVPC was set at 50 pulse/sec, pulse duration of 20 μsec and with an on/off-ratio of 10/10 sec ([@b20-jer-16-3-272]). Quadriceps and hamstring muscles' contractions were synchronized for both NMES applications in on-time mode. So, the quadriceps muscle contracted as concentrically and eccentrically. Both NMES were applied for 20 min. Two-channel electrotherapy was applied to the quadriceps muscle with a bipolar technique. The training intensity of each set was controlled by the Borg-scale and was set to \>16 (\>"hard") ([@b29-jer-16-3-272]).

The training program (isokinetic strengthening training+electrotherapy application) was completed with a total of 12 sessions scheduled 2 times per week over a duration of 6 weeks. Isokinetic muscle strength evaluation was performed before the training program and during the next session after the training program was completed (after 3 days).

Statistical analysis
--------------------

Statistical analyses of the data obtained at the end of the study were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). The Shapiro--Wilks test was used to determine whether the data was appropriate for normal distribution, and it was determined that the data did not fit the normal distribution. The Mann--Whitney *U*-test was used to determine whether there was a significant difference between the baseline values of the extremities of the RC group and the HVPC group, and to compare the effectiveness of both currents. The strengthening effect of both currents was determined by pre and posttest values, and Wilcoxon Signed Ranks test. Descriptive statistics were recorded by median and interquartile range. The significance level for all statistical analyses was considered as *P*\<0.05.

RESULTS
=======

Baseline values for the two groups are shown in [Table 2](#t2-jer-16-3-272){ref-type="table"}. According to this table, there is no significant difference between quadriceps muscular strength, muscular endurance, and total work baseline values in RC and HVPC groups (*P*\>0.05) ([Table 2](#t2-jer-16-3-272){ref-type="table"}). The effects of RC and HVPC on muscle strengthening, muscular endurance, and total work are shown in [Table 3](#t3-jer-16-3-272){ref-type="table"}. According to this table, it was determined that peak torque values of knee extensors, quadriceps muscle endurance value, and total amount of work done increased in both groups at the end of the training. However, only the muscular endurance and the increase in total work value were found to be statistically significant (*P*\<0.05) ([Table 3](#t3-jer-16-3-272){ref-type="table"}). [Table 4](#t4-jer-16-3-272){ref-type="table"} shows the comparison of the RC and HVPC group after the training program. According to this table, there is no significant difference between muscular strength, endurance, and total work-related effects of the two currents (*P*\>0.05) ([Table 4](#t4-jer-16-3-272){ref-type="table"}).

DISCUSSION
==========

As a result of our study, to compare the efficiency of RC and HVPC; it was found that the effects of RC and HVPC on muscle strength and endurance were similar to each other. It was also found that both currents were effective in increasing muscular endurance.

Increasing muscle strength and endurance in all sports branches is the primary focus of training programs ([@b5-jer-16-3-272]). Isokinetic muscle strength was also identified as one of the predictors of muscle performance in volleyball players ([@b6-jer-16-3-272]). In addition to the direct relationship with performance, muscle strength also determines the tendency to injury because of the muscle strength balance of the joints ([@b19-jer-16-3-272]). Therefore, strengthening the right muscles is also at the center of the injury prevention programs. Isokinetic dynamometers are used for rehabilitation and training in order to both evaluate and increase muscle strength ([@b5-jer-16-3-272]; [@b6-jer-16-3-272]; [@b9-jer-16-3-272]; [@b19-jer-16-3-272]). These devices allow for maximal contractions by allowing muscle function to be used at full speed over the entire range of joint movements. This helps to take efficient measurements and strengthening of the muscles ([@b5-jer-16-3-272]; [@b6-jer-16-3-272]; [@b9-jer-16-3-272]). In addition, electrotherapy modalities such as RC and HVPC are frequently used for strengthening muscles ([@b11-jer-16-3-272]; [@b20-jer-16-3-272]; [@b28-jer-16-3-272]; [@b29-jer-16-3-272]). However, as we know, no studies are available in which it is suggested that electrotherapy modalities with isokinetic strengthening training will further strengthen the muscle and increase the muscular endurance more.

As a result of our study, it was determined that RC and HVPC associated with isokinetic strengthening training were effective in increasing muscle strength. Also, the strength of the knee extensors has increased at both angular velocities (60--180°/sec) for which evaluation and training were performed. But it was determined that there was no superiority between the two currents in terms of strengthening. Our hypothesis was also in this direction at the beginning of our study. The RC, as one of the currents included in our study, is very popular despite the limited number of studies and findings examining its effectiveness ([@b12-jer-16-3-272]). HVPC is a versatile current type, which is used for cases such as injury healing, edema control, pain management as well as strengthening. Therefore, the tolerance of athletes to this current is better compared to the RC ([@b11-jer-16-3-272]). Our study has also shown that the effects of RC and HVPC on muscle strength at 60 and 180°/sec angular velocity are similar to each other.

Muscular endurance is not an inherent physical quality, but rather a quality of muscle that is semantically the opposite of fatigue ([@b16-jer-16-3-272]; [@b23-jer-16-3-272]). Muscular endurance has been evaluated in many studies using fatigue indices in many different ways ([@b22-jer-16-3-272]; [@b30-jer-16-3-272]). Total work (unit= joules, J) is the sum of work performed in all test repetitions ([@b30-jer-16-3-272]). Total work during all repetitions has also been used as methods of quantifying muscle endurance ([@b4-jer-16-3-272]; [@b17-jer-16-3-272]; [@b30-jer-16-3-272]). In our study, muscular fatigue of knee extensors was evaluated by FI. At the same time, the total work done by the knee extensors was recorded during a total of 30 extension movements at an angular velocity of 180°/sec. As a result of our study, it was determined that the fatigue of the quadriceps muscle has decreased and total work done by quadriceps muscle has increased. This result shows that the quadriceps muscle endurance has also increased, which is a very important finding. But, as we don't have a control group with a focus on only isokinetic strengthening training and that does not involve electrotherapy in our study, it is not possible to know exactly the reason of these increases in endurance.

The result of our study is interesting because we think muscle strength and muscular endurance are parallel to each other and the increase in quadriceps muscle strength does not become statistically significant. However, the increase in muscular endurance is statistically significant. There may be a few reasons for this. One of these reasons is; in our study, the training program was scheduled over a period of 6 weeks and with a total of 12 sessions, which may have been not enough to provide muscle strength gain. Because, it is suggested that more than six weeks of exercise training is needed to increase muscle strength ([@b21-jer-16-3-272]). Another reason can be due to the electrical stimulation of the skeletal muscle causing a series of events leading to rapid twitch type 2b fibers; a conversion, which gives slow-twitch type 1 fiber properties ([@b27-jer-16-3-272]; [@b28-jer-16-3-272]). These results may be coming out because these newly formed type 1 fibers are functionally resistant to fatigue, but have a low maximum contraction rate. Additional studies are needed with a control group for which the cause of this condition can be determined and that longer training programs with longer sessions are included and, long-term outcomes are followed.

Our study focused on increasing reliability of working with the preferred group. Participants were divided into groups in order to avoid differences between the baseline values and to prevent the dominant limb from being a confounding factor. When the RC was applied to the dominant extremity for half of the participants, RC was applied to the nondominant extremity to the other half. Thus, while HVPC was applied to the nondominant extremity of half of the participants, HVPC was applied to the dominant extremity of the other half.

We have not found any literature that was similar to ours. In fact, we noticed that the literature does not include many studies with non-injured participants in general, in which electrotherapy modalities are used to increase muscle strength and endurance. The limitations of our study are the absence of a control group with only isokinetic strengthening training without electrotherapy. Although the number of participants included in the study might seem not enough, 2 extremities of each athlete with a total of 20 cases were studied. At the same time, the fact that the athletes in our study were in the same team and participated in the same training program, removed the different possible effects of different training programs on muscle strength. Long-term studies are needed to investigate the functional effects of electrotherapy treatments and to determine the tolerance superiority of currents to each other.

In conclusion, RC and HVPC, which can be added to isokinetic strengthening exercises in volleyball athletes, have the same effect on muscle strength and endurance. Both currents can be used in order to increase muscular endurance. Therefore, coaches should plan a training with the electrotherapy modalities and isokinetic training especially if they want to improve the muscular endurance.
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###### 

Physical characteristics of the participants during the experimental protocol (n=10)

  Variable                    Median (IQR)          Mean±SD
  --------------------------- --------------------- -------------
  Age (yr)                    15 (14--16)           15.50±1.08
  Height (cm)                 1.92 (185--197)       1.92±0.04
  Body mass (kg)              76 (69--85)           75.91±19.75
  Body mass index (kg/m^2^)   20.55 (17.16--23.4)   20.55±5.16

IQR, interquartile range; SD, standard deviation.

###### 

Baseline values of participants

  Variable                       RC group (n=10)           HVPC group (n=10)         *P*-value[a)](#tfn4-jer-16-3-272){ref-type="table-fn"}
  ------------------------------ ------------------------- ------------------------- --------------------------------------------------------
  Knee extension                                                                     
   60°/sec PT (Nm)               206.80 (154.30--291.10)   193.85 (178.30--306.90)   0.705
   180°/sec PT (Nm)              161.60 (152.40--201.60)   157.50 (147.90--191.80)   0.762
                                                                                     
  Quadriceps muscle (180°/sec)                                                       
   Muscular endurance (%)        72.02 (64.06--74.04)      69.88 (59.68--72.64)      0.496
   Total work (J)                3,171.5 (2,695--3,442)    3,105 (2,590--3,774)      0.705

Values are given as median (interquartile range).

RC, Russian current; HVPG, high voltage pulsed current; PT, peak torque; Nm, Newton meter; J, Joule.

Mann--Whitney *U*-test.

###### 

Effects of RC and HVPC on strength and muscular endurance

  Strength and muscular endurance   Group   Pretraining (n=10)        Posttraining (n=10)       *P*-value[a)](#tfn7-jer-16-3-272){ref-type="table-fn"}
  --------------------------------- ------- ------------------------- ------------------------- --------------------------------------------------------
  Knee extension PT (Nm)                                                                        
   60°/sec                          RC      206.80 (154.30--291.10)   243.60 (212.40--284.80)   0.059
                                    HVPC    193.85 (178.30--306.90)   241.70 (230.10--279.10)   0.059
   180°/sec                         RC      161.60 (152.40--201.60)   185.10 (161.80--207.60)   0.074
                                    HVPC    157.50 (147.90--191.80)   178.45 (157.30--204.60)   0.074
                                                                                                
  Quadriceps muscle (180°/sec)                                                                  
   Muscular endurance (%)           RC      72.02 (64.06--74.04)      79.75 (72.46--84.68)      0.009[\*](#tfn8-jer-16-3-272){ref-type="table-fn"}
                                    HVPC    69.88 (59.68--72.64)      73.43 (70.92--78.66)      0.007[\*](#tfn8-jer-16-3-272){ref-type="table-fn"}
   Total work (J)                   RC      3,171.5 (2,695--3,442)    3,247.5 (3,110--3,645)    0.047[\*](#tfn8-jer-16-3-272){ref-type="table-fn"}
                                    HVPC    3,105 (2,590--3,774)      3,312.5 (3,030--3,776)    0.021[\*](#tfn8-jer-16-3-272){ref-type="table-fn"}

Values are given as median and interquartile range.

RC, Russian current; HVPG, high voltage pulsed current; PT, peak torque; Nm, Newton meter; J, Joule.

Wilcoxon Signed--Rank test.

*P*\<0.05.

###### 

Comparison of RC and HVPC posttraining

  Variable                       RC group (n=10)           HVPC group (n=10)         *P*-value[a)](#tfn11-jer-16-3-272){ref-type="table-fn"}
  ------------------------------ ------------------------- ------------------------- ---------------------------------------------------------
  Knee extension                                                                     
   60°/sec PT (Nm)               243.60 (212.40--284.80)   241.70 (230.10--279.10)   0.821
   180°/sec PT (Nm)              185.10 (161.80--207.60)   178.45 (157.30--204.60)   0.791
                                                                                     
  Quadriceps muscle (180°/sec)                                                       
   Muscular endurance (%)        79.75 (72.46--84.68)      73.43 (70.92--78.66)      0.406
   Total work (J)                3,247.5 (3,110--3,645)    3,312.5 (3,030--3,776)    0.650

Values are given as median and IQR 25--75.

RC, Russian current; HVPG, high voltage pulsed current; PT, peak torque; Nm, Newton meter; J, Joule.

Mann--Whitney *U*-test.
